Energy saving is a global priority, as it is helping both energy and environmental sustainability by reducing CO 2 emissions. The search for new energy solutions is therefore necessary. In the Mediterranean climate, resources are generally scarce, and all energy sources need to be explored, including biomass from agricultural or industrial waste. There is a clear upward trend in date worldwide production, having doubled its world production in the last 10 years, and this trend is particularly relevant for Mediterranean climate countries, especially in North Africa and nearby countries. This study analyzes the properties associated with the date seed (Phoenix dactylifera L.) to evaluate its suitability and viability as a new biofuel. Specifically, the viability of replacing the existing gas boiler in a university building in the south of Spain with a system of biomass boilers using this biomass was analyzed as a case study. The results reveal that this biomass has HHV values very similar to those of other biomass sources, 19.121 MJ/kg. With the replacement of the gas boiler by a biomass that uses the date seed, a reduction of 95 tons of CO 2 per year is obtained and an economic saving of more than 66% is achieved. In short, this work opens new perspectives for the use of this biomass of date seed in boilers and it is an efficient solution for large public buildings such as the buildings of Mediterranean climate universities.
Introduction
Sustainable development promotion should prioritize sustainable technologies [1] such as clean and sustainable energies, providing importance to energy efficiency [2] and to the reduction of environmental pollution [3] . In this way, sustainable development promotion also creates solutions that encourage the reduction of emissions [4] . However, it should not be forgotten that policy is particularly important, such as for limiting the use of non-renewable fuels or plans to stop global warming. More and more policies are seeking energy efficiency and the rational use of energy, which reduce costs for companies and individuals [5] . The clearest example is the Paris agreement of 2015, which promotes a global action plan to limit global warming to below 2 • C [6] .
The building industry has a greater impact on sustainable development than others due to its high energy consumption [7] , and is therefore one of these sectors that requires more attention [8] . Measures are framed within all the steps in which this industry is involved in order to reduce energy consumption by incorporating energy efficiency strategies in the design [9] , construction and management of as Oman, Egypt, Pakistan and the United Arab Emirates, where there has been a significant increase in the production of dates. In contrast, due to the trade embargo, production decreased in Iraq and in Morocco, due to phytosanitary problems.
For this reason, this article seeks to study new possibilities of date seeds as biofuel for boilers in the Mediterranean climate, using a University in the south of Spain as a case study, in which the calculated carbon footprint has halved from 2012 to 2017, which should improve energy saving in the buildings of the university. 
Materials and Methods

Materials
In order to test the energy efficiency in the Mediterranean climate and economic viability of the date bone as a solid fuel, a building has been chosen located on a university in the south of Spain (37° 54' 55.4''N, 4° 43' 09.06'' O).
The university population has a total of 19,435 people (end 2017), of which 16,610 are students (14, 321 Grade, 1636 Masters and 653 Exchange Programs), 2825 staff (1452 teachers, 770 members of administration and services staff and 603 contracted from projects). In this university there is already an indicator of the environmental impact produced by the institution, since environmental awareness is the order of the day. This indicator can help us to know the current situation as far as energy consumption is concerned. This energy indicator is known as the "Carbon Footprint Calculation". The quantification of emissions allows us to be aware of the impact generated by the activity of the university on global warming, thus turning the carbon footprint into a valuable awareness tool. Measuring the carbon footprint is a way of evaluating the institution's contribution to climate change. Until the 1990s, Iran and Iraq were the world's largest producers, but currently, the country at the top of the ranking is Egypt with an approximate annual production of 1,470,000 metric tons of dates, assuming 17% of global date production. Egypt has increased its production more than 100% since 1993 and currently has a figure of 15,582,000 date palms. Iran and Saudi Arabia follow in this order with more than 1,000,000 metric tons of dates being produced annually in some countries, such as Oman, Egypt, Pakistan and the United Arab Emirates, where there has been a significant increase in the production of dates. In contrast, due to the trade embargo, production decreased in Iraq and in Morocco, due to phytosanitary problems.
For this reason, this article seeks to study new possibilities of date seeds as biofuel for boilers in the Mediterranean climate, using a University in the south of Spain as a case study, in which the calculated carbon footprint has halved from 2012 to 2017, which should improve energy saving in the buildings of the university.
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Materials
In order to test the energy efficiency in the Mediterranean climate and economic viability of the date bone as a solid fuel, a building has been chosen located on a university in the south of Spain (37 • 54' 55.4"N, 4 • 43' 09.06" O).
The university population has a total of 19,435 people (end 2017), of which 16,610 are students (14,321 Grade, 1636 Masters and 653 Exchange Programs), 2825 staff (1452 teachers, 770 members of administration and services staff and 603 contracted from projects). In this university there is already an indicator of the environmental impact produced by the institution, since environmental awareness is the order of the day. This indicator can help us to know the current situation as far as energy consumption is concerned. This energy indicator is known as the "Carbon Footprint Calculation". The quantification of emissions allows us to be aware of the impact generated by the activity of Sustainability 2019, 11, 711 4 of 14 the university on global warming, thus turning the carbon footprint into a valuable awareness tool. Measuring the carbon footprint is a way of evaluating the institution's contribution to climate change. In addition, understanding the emissions generated by its activity, quantifying them and knowing their sources, is necessary as a first step to propose reduction strategies.
The building under study has a cruciform floor, with 5 levels distributed in a semi-basement, ground floor, first floor, second floor and third floor. It has a total living area of 4752 square meters and was built between [1953] [1954] [1955] [1956] . Its use is mostly for teaching classes, with departmental spaces and several classrooms.
It is proposed to replace the existing natural gas boiler in the building with the introduction of a biomass boiler system. This use of biomass as an alternative for fossil fuels would provide cost savings and reduction in greenhouse gaseous emissions [29] . The biomass boiler would be used to generate heating in that building, using radiators as terminal elements to thermally acclimatize the spaces. The operation of a biomass boiler is similar to a conventional boiler. First the natural fuel is burned, recovering the heat generated during the combustion of the biomass to heat the water of the circuit of the boiler exchanger, taking the hot water to the heating circuit.
The heating system (hot water heating) uses water as a carrier heat between the boiler and the terminal elements located in the buildings. The boiler (natural gas), located in the semi-basement of the building, heats the cold water, which by means of a transport system and groups of electric pumps that drive the hot water through a network of pipes, reaches the radiators located on each floor of the building, acting as heat exchangers with the environment, heating the temperature of the environment through the temperature of the water that runs through the tubes of these terminal elements. The radiators are monotube, that is to say, they are characterized by having the hot water inlet and the cold water outlet in the same faucet. The hot water runs through the rings of the radiators until the reverse circuit is made, returning the cold water, through the same faucet, to the boiler, where the heating cycle is repeated. The circuits are separated by means of devices called collectors, one for the hot water circuit and the other for the cold water circuit. The number of cast iron radiators distributed throughout all its plants is 346 radiators. It also has gas heaters as domestic hot water devices, with 4 heaters of 100 litters each for use as fountains or sinks. Figure 2 shows the operating diagram of the gas natural boiler. In addition, understanding the emissions generated by its activity, quantifying them and knowing their sources, is necessary as a first step to propose reduction strategies. The building under study has a cruciform floor, with 5 levels distributed in a semi-basement, ground floor, first floor, second floor and third floor. It has a total living area of 4752 square meters and was built between [1953] [1954] [1955] [1956] . Its use is mostly for teaching classes, with departmental spaces and several classrooms.
The heating system (hot water heating) uses water as a carrier heat between the boiler and the terminal elements located in the buildings. The boiler (natural gas), located in the semi-basement of the building, heats the cold water, which by means of a transport system and groups of electric pumps that drive the hot water through a network of pipes, reaches the radiators located on each floor of the building, acting as heat exchangers with the environment, heating the temperature of the environment through the temperature of the water that runs through the tubes of these terminal elements. The radiators are monotube, that is to say, they are characterized by having the hot water inlet and the cold water outlet in the same faucet. The hot water runs through the rings of the radiators until the reverse circuit is made, returning the cold water, through the same faucet, to the boiler, where the heating cycle is repeated. The circuits are separated by means of devices called collectors, one for the hot water circuit and the other for the cold water circuit. The number of cast iron radiators distributed throughout all its plants is 346 radiators. It also has gas heaters as domestic hot water devices, with 4 heaters of 100 litters each for use as fountains or sinks. Figure 2 shows the operating diagram of the gas natural boiler. 
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The performance values are specified in Part 1 of standard EN 14961. This is a very generic norm that describes how to classify biomass to be used for energy purposes and details the main 
The performance values are specified in Part 1 of standard EN 14961. This is a very generic norm that describes how to classify biomass to be used for energy purposes and details the main commercialized forms of solid biofuels [30] . The indication of the most significant characteristics of biofuels is obligatory and must be quoted in the fuel specification. The characteristics are very varied, depending on different factors. However, the most important parameters are the following where the determination standards ( These characteristics could depend to a large extent on climatic and soil conditions. Water consumption is an important limitation in arid regions where there is an abundance of date palms and makes the crop's drought resistance an important factor.
Physical Values: Humidity
One of the most important parameters is the moisture content of the sample. This parameter decisively affects the energy we can obtain from biomass. It is essential that all the water contained in the product is completely removed before the heat is released. There are two data related to moisture content: intrinsic moisture, where meteorological conditions do not influence and the extrinsic moisture, which takes into account several factors such as the climate present during the ripening of the fruit, which will affect the moisture of the biomass. The main determinant feature examined is how much extrinsic humidity it presents, because the amount of intrinsic humidity can be obtained in a laboratory. In this study extrinsic moisture has been chosen. The lower the moisture content of the material, the more that tar emissions, which tend to retain traffic exhaust and cause corrosion and clogging problems in chimneys, will be reduced [31] .
Physical Values: Element composition
The UNE-EN 15104 standard has been applied to calculate the total carbon, hydrogen and nitrogen content of the sample. The elemental biomass structure is obtained burning the sample in contact with the air, in such a way that the combustion gases and ashes are acquired. Carbon contents, hydrogen, and nitrogen are expressed as mass fractions of the dry simple and are quantitatively specified using instrumental methods. A precise analysis is very relevant to precisely define the suitability of biofuel, its calorific value (CV) and to evaluate the possible environmental impact. CO 2 emissions are evaluated considering the carbon content as well as the Nitrogen content to facilitate estimation of the NOx emissions.
Chemical Values: Ashes
Another important factor in biofuel energy is ash content. The method for detecting it is based on the UNE EN 14775 standard. It is always measured with reference to the dry product and refers to the solid residue that persists after total combustion, where weight, time and temperature conditions are strictly measured. The lower the percentage of ash in the product, the greater its available energy will be. The accumulation of ash implies a greater maintenance of the boiler, due to the problems of accumulation in the deposits and corrosion in the equipment.
Chemical Values: Oxygen
The standard UNE-EN 15296 has been used to calculate the oxygen level as the remaining percentage after subtracting the percentage of the other elements (nitrogen, carbon, hydrogen sulfide and chlorine) plus the ashes.
Chemical Values: Content of Chlorine and Sulfur
To obtain the chlorine and sulfur content, the standard UNE EN 15289 was followed, which specifies the methods for the determination of these minerals in solid biofuels. For the calculation of sulfur, the method of high temperature combustion in a tube furnace was used, together with the quantification of the gaseous products formed during combustion, a process that resembles accounting for the total content of carbon, nitrogen and hydrogen, as explained above. Chlorine, on the other hand, was obtained using digestion in a calorimetric technique. This was collected in the wash water produced by combustion and quantified by expending silver nitrate through potentiometric methods.
Energy Values: Gross Heating Value and Lower Heating Value
We can say that a biofuel is any biological material that can be burned or is not used as a source of thermal energy. This energy can be measured through a parameter known as calorific value. The total calories produced by combustion are called gross heating value (GHV) or higher heating value (HHV).
The lower heating value (LHV) which is the total amount of heat released in the complete combustion of fuel without counting the part corresponding to the latent heat of the water vapor of the combustion, since there is no phase change, but the LHV is expelled in the form of steam. The moisture content in the fuel is a determining factor, because the higher it is, the greater the contrast between HHV and LHV and the lower the total energy available.
These parameters were calculated according to UNE-EN 14918. In this study, the following equation was used to calculate the LHV without moisture from the elemental chemical composition and the constant volume of HHV [32] [33] [34] .
where:
H%: Hydrogen content of biofuel given in %. O%: Oxygen content of biofuel given in %. N%: Nitrogen content of biofuel in %.
Boiler
In the market there is a wide range of boilers which vary based on the type of biomass and the power required. In our case we used the date bone as fuel and the power requirements were 600 kW, which that can be supplied by a single boiler or several boilers, installed in cascade, whose sum of powers guarantees the required value. The option of several boilers has the advantage that the eventual failure of one of them would not leave us totally without heating, which could happen with the failure of the single boiler.
With this train of thought, we could have opted for five biomass boilers of 128 kW nominal power, maximum marketed by the company Ökofen. Another manufacturer specializing in biomass boilers such as Hargassner offered us more possibilities to combine powers, such as five boilers of the type ECO 70-120 kW, three boilers of the type ECO 150-200 kW or two boilers of the type ECO 250-330 kW.
To ensure the proper functioning of the installation, in addition to maintenance tasks, a check of some parameters must be carried out such as: 
Results and Discussion
In order to analyze and study the energy properties of date seeds, it is very useful to compare them with other biomass residues. In this way, the assessment from the energetic point of view of the biomass heating installation is estimated.
Date Seed Values
With the goal of measuring and evaluating the performance values, 2000 g of date seeds were analyzed. Data as the mean value or the limit values are reflected in Table 1 . All standards, except moisture which is referenced as wet basis, are referenced as dry basis. The low percentage of moisture contained in the bone of the date compared to other sources is striking: this data, 6.5%, greatly facilitates the drying phase and does not lengthen the whole process. This is not durable and implies that the energy efficiency in the combustion is the maximum level and there are no losses.
With regard to calorific value, only the pine pellet has a higher index than the date bone. Both the calorific value of the almond shell and that of the olive stone are lower than that of the date seed, so it would be necessary to burn more solid matter to generate the same amount of heat.
The ash content must be checked during direct combustion, as this is an unfavorable factor. The ash content in the range 1.32-1.48% may appear to be high compared to the other fossil fuels. However, in comparison with other biofuels used in biomass boilers, for example peanut shell, whose average ash content is 4.26% [23] , it can be seen that the latter significantly exceeds the product under study in ashes. Table 2 shows the quality of date seed in comparison with other common solid combustibles such as wood pellets, almond shell and olive stone. Energy parameters related to calorific value, the physical parameter moisture that influences calorific value, chemical parameters that affect the corrosion of boilers, and the ashes that are expelled during combustion, among others, have been analyzed. In view of the results it could be concluded that "date seeds" work as an optimum energy source in the form of a biomass. 
Energy Analysis
The analysis has been achieved, relying on the historic need for hot water used for heating in recent years. The power required by the building is obtained from its surface area (4752 m 
Environment Analysis of the Biomass
CO 2 Analysis
The exploitation of biomass as a primary energy resource is carried out through a combustion process, since, if it cannot be used directly as fuel, its transformation into substances that are suitable for use in this type of process is sought [39] . It should be kept in mind that in the different processes of transformation of biomass into other combustible substances, also produce pollutants that are discharged into the environment. These include particles, carbon dioxide and monoxide, sulfur compounds, nitrogen oxides and solid and liquid waste [40] . However, unlike fossil fuels, carbon dioxide originating in the combustion process of biomass is returned to the atmosphere, from where it was taken during its generation. According to this, the use of biomass as a fuel does not increase the carbon dioxide content of the atmosphere and therefore does not contribute to the greenhouse effect. The CO 2 it emits is the same as the CO 2 the plant assimilated during its developing process, so this CO 2 is deemed nil [41] .
We can assume that plants retain more CO 2 when they grow than when they release when it burns. When taking this into account, this gas has near-zero emissions. Table 3 shows how a biomass heating installation in this case could mean a total reduction of 95,760 kg of CO 2 . The emission of natural gas would be:
CO 2 natural gas = C natural gas × E natural gas (2) where:
CO 2 natural gas : is the mass of carbon dioxide emitted (kg/year).
C natural gas : is the consumption of natural gas in annual heating (kWh/year). E natural gas : the carbon dioxide emission factor of natural gas (kg/kWh).
The annual consumption is 380,000 kWh and the factor is 0.252 kg/kWh. Since natural gas is a source of fossil energy and knowing that the largest generation of electricity comes from a non-renewable source, it has a much higher emission factor than date bone, whereby a year's use of biomass heating would mean kgs of reduced CO 2 .
In the first 12 months, carbon dioxide emissions would be reduced by 95.76 tons. It would be highly recommended to complete a study on the energy capability of date seeds as biofuel and determine how this would impact on reducing CO 2 emissions around the world. To start the study, after figuring out the calorific value of the dates seeds and after being aware of the production of the different countries per year, the power generation is calculated by applying the following formula:
where P c refers to the total production, measured in kg, of date fruits; f s is the seed factor in a whole date fruit (30%); LHV is the Lower Heat Value previously determined (17.568 MJ/kg); and U c is the factor to convert J to Wh (0.000277778) and E c (MWh) is the power that would be obtained with all the date fruits generated. If we choose Spain as an example, date fruits production was 2996 t in 2016. With this amount of production, we could generate a total of 4386.15 MWh. So, considering that the total production around the world of date fruits seed was 8460.443 tons, the energy generated that would be obtained with this date seeds is appraised at 12,386.25 GWh.
Therefore, we could say that the total energy generation potential of the countries is reached using this equation. Figure 3 shows the energy generation through the different countries producing date fruits. We can see that countries such as Egypt, Iran and Algeria have a greater energy potential in comparison with other countries around Europe. As we can see, the zone between Africa and Asia has several countries with great potential. In Asia, Pakistan is the country with the largest energy production capacity, while in the Americas just Mexico, Peru and Colombia have some potential in this area. where Pc refers to the total production, measured in kg, of date fruits; fs is the seed factor in a whole date fruit (30%); LHV is the Lower Heat Value previously determined (17.568 MJ/kg); and Uc is the factor to convert J to Wh (0.000277778) and Ec (MWh) is the power that would be obtained with all the date fruits generated. If we choose Spain as an example, date fruits production was 2996 t in 2016. With this amount of production, we could generate a total of 4386.15 MWh. So, considering that the total production around the world of date fruits seed was 8460.443 tons, the energy generated that would be obtained with this date seeds is appraised at 12,386.25 GWh.
Therefore, we could say that the total energy generation potential of the countries is reached using this equation. Figure 3 shows the energy generation through the different countries producing date fruits. We can see that countries such as Egypt, Iran and Algeria have a greater energy potential in comparison with other countries around Europe. As we can see, the zone between Africa and Asia has several countries with great potential. In Asia, Pakistan is the country with the largest energy production capacity, while in the Americas just Mexico, Peru and Colombia have some potential in this area. In order to analyze the potential of date seeds to reduce CO2 emissions, emissions data from fossil fuels must be considered. These data are obtained in the World Data Bank, and with this information we can affirm that for each MWh generated, 357 kg of CO2 are expelled into the atmosphere.
Not surprisingly, countries with higher date production have a higher energy production potential. This also means greater potential for reducing CO2 emissions. The countries with a greater production in dates are: Egypt with almost 1.7 million tons, followed by Iran (1.1 million tons), Algeria (1 million tons), Saudi Arabia (0.9 million tons), the United Arab Emirates (0.7 million tons), Iraq (0.6 million tons) and Pakistan (0.5 million tons) [42] .
On the other hand, when comparing the total CO2 emissions of each country according to the In order to analyze the potential of date seeds to reduce CO 2 emissions, emissions data from fossil fuels must be considered. These data are obtained in the World Data Bank, and with this information we can affirm that for each MWh generated, 357 kg of CO 2 are expelled into the atmosphere.
Not surprisingly, countries with higher date production have a higher energy production potential. This also means greater potential for reducing CO 2 emissions. The countries with a greater production in dates are: Egypt with almost 1.7 million tons, followed by Iran (1.1 million tons), Algeria (1 million tons), Saudi Arabia (0.9 million tons), the United Arab Emirates (0.7 million tons), Iraq (0.6 million tons) and Pakistan (0.5 million tons) [42] .
On the other hand, when comparing the total CO 2 emissions of each country according to the world data bank with the total CO 2 emissions reduction associated with the use of date seeds, we see that the data vary. The countries with the highest percentage are in the north of Africa. These countries are Sudan, with almost 15% of the total, Chad (14.3%), Somalia (11.5%), Niger (4.6%), Egypt (4.4%) or Mauritania (4.3%).
Particle size emissions
Until recently combustion plants such as thermal power plants had a control of total particulate emissions, i.e. PM 10 [43] . However, it has been demonstrated that for human health the emissions of particles of a smaller size are even more harmful. PM 2.5 and PM 5 [44] , already present a greater health risk due to their high penetration capacity in the respiratory tract, particularly in the case of the former [45] . The latter have an anthropogenic origin in a high proportion since they come largely from emissions from diesel vehicles in cities [46] .
Regarding the levels of air quality in the study area, i.e. compliance with European regulations and their transposition into Spanish legislation, compliance with the annual limit value of PM 10 , there should be no more than 35 days per year exceeding the limit value of 50 µg/m 3 in 24 h, established on the compliance date in January 2005 [47] .
There is a European directive, Directive (EU) 2015/2193 of the European Parliament and of the Council of 25 November 2015 [48] , concerning the limitation of emissions of specific pollutants into the air from medium-sized combustion plants. This regulation can be applied to facilities with a nominal thermal input equal to or greater than 1 MW and less than or equal to 5 MW, i.e. those considered as average combustion plants. It states that until 1 January 2030, Member States may exempt medium-sized combustion plants that are using solid biomass as their main fuel, the idea of the legal regulation being to increase the use of biomass as a fuel. For plants burning exclusively solid woody biomass, the limits for various gases such as SO 2 are not applicable. There are studies showing that certain reprocessing methods such as torrefaction can significantly improve the HHV and reduce emissions. As an example, HHV increased for pine shells by 25% and for olive pits by 18% [49] . This is because when there are higher temperatures there are higher emissions and above all PM 2.5 , therefore the boiler operating temperature has a great influence on the total particles (PM 10 ).
Economical Balance
In order to compare from an economical perspective, the old natural gas installation and the new one, a comparative analysis has been carried out that analyzes the cost per year required to cover the total energy demanded by the university building with each of the combustibles: natural gas or biomass. Table 4 shows both the total liters of the gas that is consumed in the previous installation per year and the annual expense. While it is true that the gas is clean fuel in daily operation and does not require much maintenance, two decisive factors such as automation and technological advances, on the one hand, and the competitive price, on the other, make it profitable and beneficial to switch from gas to biomass boilers currently. The price of gas is raising, particularly in some countries with an increased level of taxes and this is levied on fossil combustibles. This causes solid biofuels to be considered as a useful alternative not only for the economy, but also for ecology, safety and comfort reasons. Bearing in mind that the cost of biomass is 0.09 €/kg, the analysis reveals an annual cost of 8409.84 € with the use of date seed as biofuel versus 25, 123 .03 € as the cost of maintaining the facility with natural gas. Therefore, using date seed as a biofuel entails an annual saving of 16,713.19 €, representing a savings percentage of 66.53%.
Conclusions
The study concludes that the viability of date seed as an alternative source of energy is feasible. The study asses the physical aspects of date seeds and highlights the high level of volatile matter if it is used as fuel. Numerous combustion experiments have been carried out, in which the high rate of gasification has been verified, and in the case of occurring in high combustion air conditions, combustion rates and heat transfer are multiplied. In this study the characteristics of date seeds have been compared with other fuels such as coal, obtaining a higher combustion rate per unit of mass for date seeds. The same applies to heat transfer. This is due to the high levels of volatile matter in date bone. In addition to this, date seeds have a low ash content, allowing more direct combustion in the furnaces.
It is a global goal for all countries to reduce of energy consumption. This is a challenge to be achieved in the coming years and therefore measures must be taken to improve this problem immediately. With this research a waste product such as date bone has been evaluated and in doing so adds a new clean energy form that can be used as fuel. The study shows that replacing a natural gas boiler with a biomass one and using the date bone as biofuel, we would obtain an annual saving of 95,760 kg of CO 2 . In addition, the calorific power of the date bone gives it optimal properties as a source of thermal energy comparable to other biofuels currently being marketed.
It is a reality that most buildings have small independent boilers to cover the heating needs of each building and for that reason the total installed power is much higher than what is needed. A good way to save energy is to centralize the heating system of the entire campus. This would increase the coefficient of simultaneity to reduce the installed power and at the same time reduce the loss in combustion of the raw material. This study could contemplate a next phase in a future focused on analyzing the centralization of the system in the campus. Other additional phases could be the study of other waste products as biofuel in biomass boilers and expand the production of this type of renewable energy to other types of buildings. 
